Unique cytoplasmic filaments are found in the treponeme genus of spirochete bacteria. Their function is unknown, but their location underneath the periplasmic flagellar filaments (PFF) suggests a role in motility and/or cell structure. To better understand these unique structures, the gene coding for the cytoplasmic filaments, cfpA, was identified in various treponemal species. Treponema phagedenis cfpA was 2,037 nucleotides long, and the encoded polypeptide showed 78 to 100% amino acid sequence identity with the partial sequence of CfpA from T. denticola, T. vincentii, and T. pallidum subsp. pertenue. Wild-type T. phagedenis and a PFF-deficient isolate were analyzed by electron microscopy to assess the structural relationship of the cytoplasmic filaments and the PFF. The number of cytoplasmic filaments per cell of T. phagedenis (mean, 5.7) was compared with the number of PFF at each end of the cell (mean, 4.7); the results suggest that there is no direct one-to-one correlation at the cell end. Moreover, a structural link between these structures could not be demonstrated. The cytoplasmic filaments were also analyzed by electron microscopy at different stages of cell growth; this analysis revealed that they are cleaved before or during septum formation and before the nascent formation of PFF. A PFF-deficient mutant of T. phagedenis possessed cytoplasmic filaments similar to those of the wild type, suggesting that intact PFF are not required for their assembly and regulation. The extensive conservation of CfpA among pathogenic spirochetes suggests an important function, and structural analysis suggests that it is unlikely that the cytoplasmic filaments and the flagellar apparatus are physically linked.
The treponemes are a group of spirochetes associated with a wide range of diseases. Treponema pallidum subsp. pallidum is the causative agent of syphilis, a sexually transmitted disease (33) ; T. pallidum subsp. pertenue is associated with yaws, a disease transmitted by skin contact (3); and T. vincentii and T. denticola are associated with gingivitis and periodontitis (8, 41, 42) . Other treponemes, including T. phagedenis, are host associated, and their role in disease is unclear.
Treponemes are helical or flat wave-shaped bacteria that are motile, and their polar flagellar filaments are located in the periplasmic space. In addition, all treponemes have an unusual structure in the cytoplasm: a bundle of filaments located just underneath the cytoplasmic membrane (15) (16) (17) . These cytoplasmic filaments are apparently located below the bundle of periplasmic flagellar filaments (PFF) (15) (16) (17) (18) . The individual cytoplasmic filaments maintain a ribbon-like configuration (9) , and the periodicity of the helix of the bundle is equivalent to the helical periodicity of the cell (44) . The cytoplasmic filaments are not transitory and are found in cells at all growth stages (9) . The function of the cytoplasmic filament structures is unknown.
Masuda and Kawata (31) purified the cytoplasmic filaments of different strains of treponemes, including T. denticola TD2 and T. phagedenis biotypes Kazan and Reiter. In each case, the major constituent of the cytoplasmic filaments was an 82-kDa protein. You et al. (43) cloned and sequenced the cytoplasmic filament gene, cfpA, from T. pallidum subsp. pallidum. However, analysis of the deduced amino acid sequence did not provide sufficient clues to determine the function of these distinctive structures. The location of the filaments and their helical shape suggest involvement in cell motility, maintenance of cell structure, or cell division (9) .
The aims of this work were to determine the sequence conservation of the cytoplasmic filament polypeptide among pathogenic and nonpathogenic spirochetes, to elucidate the structural relationship of the cytoplasmic filament ribbon and the flagellar apparatus, and to determine the structural characteristics of the cytoplasmic filaments during cell division. We found that the amino acid sequence of CfpA is well conserved among different species of cultivable and noncultivable treponemes, whether or not they are associated with disease. Electron microscopy studies suggest that the cytoplasmic filaments and the flagellar apparatus are not physically linked on a oneto-one basis, although an interaction of the two types of structures cannot be excluded. Finally, the fate of the cytoplasmic filaments during cell division was elucidated. This analysis provides an initial genetic and structural characterization of the cytoplasmic filaments as a basis for future work to elucidate the function of these unique structures.
Oligonucleotides were synthesized at the Molecular Genetics Core Facility of the Wadsworth Center with a PerSeptive Biosystems 8909 (PE Biosystems, Foster City, Calif.). Automated DNA sequencing was done with a DyeDeoxy terminator cycle sequencing kit (PE Biosystems), a PE 9600 ThermalCycler, and an ABI Prism 377 sequencer (Perkin-Elmer, Foster City, Calif.).
Chromosomal DNA from the different strains was isolated by standard methods (30) . Plasmid miniprep DNA was isolated by standard methods (30) . Midi columns (Qiagen Corp., Chatsworth, Calif.) were used for purification prior to DNA sequencing.
The PCR was performed with Taq polymerase, reagents, and thermal cyclers available from Perkin-Elmer. DNA probes were prepared by amplification and labeled with digoxigenin by use of the Genius System (Boehringer Mannheim Corp., Indianapolis, Ind.).
Restriction endonucleases were purchased from New England BioLabs, Inc. (Beverly, Mass.). Ligations were performed either with the Rapid DNA Ligation Kit (Boehringer) or directly with the TOPO TA Cloning Kit Dual Promoter (Invitrogen, Carlsbad, Calif.). Escherichia coli Top 10 One Shot was used as the recipient for cloning experiments with vector pZErO-2 or pCRII-TOPO (Invitrogen 
; corresponding regions in T. pallidum subsp. pallidum CfpA are amino acids 11 to 18 and 651 to 656. After amplification of T. phagedenis DNA, the PCR product obtained was digested with HindIII to generate a 317-bp DNA fragment, ligated in pZErO-2 digested with HindIII, and transformed into competent E. coli Top 10 One Shot cells. On the basis of the DNA sequence of this PCR product, synthetic oligonucleotides PHAGHIN5 (5Ј-AAATACCATGTAGGAATTCG-3Ј) and PHAGHIN3 (5Ј-A TTATCAGTATCCGATTGAG-3Ј) were used to produce a digoxigenin-labeled probe by amplification. A T. phagedenis genomic library (28) in Lambda ZAP Express (Stratagene, La Jolla, Calif.) was screened by use of a plaque hybridization assay with the digoxigenin-labeled probe (40) , positive plaques were purified, and the insert was sequenced with synthetic oligonucleotides.
To obtain the 5Ј end of the T. phagedenis cfpA sequence, which was not present in the clones sequenced, the One Strand PCR technique (36) was used. The amplification reaction for the first step was carried out at 93°C for 1 min, 55°C for 1 min, and 72°C for 1 min for a total of 30 cycles with primer CFPAPH4R (5Ј-GGAGCTTTGTGTTCAAGTG-3Ј) and purified chromosomal DNA of T. phagedenis as a template. For the second step, 1 l from the first reaction was used as a template, together with CFPAPH4R and a short, nonspecific primer, OS1290 (5Ј-GTGGAATGCGA-3Ј) (1). The amplification reaction was carried out at 93°C for 1 min, 60°C for 1 min, and 72°C for 1 min for a total of 30 cycles. The resulting product was cloned in EcoRV-digested vector pZErO-2 and sequenced. From this sequence, a specific primer, OSPCRFO2 (5Ј-GAGTTTGT AAGAATTGTTAGCAGC-3Ј), was synthesized. The product of amplification of T. phagedenis chromosomal DNA with primers OSPCRFO2 and CFPAPH4R, which contains the promoter, was cloned and sequenced to obtain the promoter region.
(ii) T. denticola. A degenerate set of primers was synthesized on the basis of the similarity between the cfpA sequences of T. phagedenis and T. pallidum subsp. pallidum CfpA are amino acids 11 to 18 and 570 to 577) were used to amplify T. denticola chromosomal DNA, and the product (1,675 bp) was cloned in EcoRV-digested pZErO-2 and sequenced. The 3Ј end of the sequence was obtained by the One Strand PCR technique (36) with purified chromosomal DNA of T. denticola as a template. The first primer was DENTCF9 (5Ј-GACT TTCGTTCATAGAAGCAG-3Ј), and the second primer was OS1283 (5Ј-GCG ATCCCCA-3Ј) (1). The amplification reaction was the same as that for T. phagedenis cfpA. The resulting product was cloned with the TOPO TA Cloning Kit Dual Promoter and sequenced. From this sequence, a specific primer, DENTCF10R (5Ј-ACTTTCGTTCATAGAAGCAGCC-3Ј), was synthesized. The product of amplification of T. denticola chromosomal DNA with primers DENTCF9 and DENTCF10R was cloned in vector pCRII-TOPO.
(iii) T. pallidum subsp. pertenue. Two oligonucleotide primers were synthesized on the basis of the T. pallidum subsp. pallidum cfpA sequence (43); MCFPAL2 (5Ј-CGCGGATCCATGGCAAGTTTAGATCTACC-3Ј) and CCFPPAL2 (5Ј-GATCAGATCTCGCTAGAGTTCGCGAATG-3Ј). The product of amplification of T. pallidum subsp. pertenue chromosomal DNA was cloned with the TOPO TA Cloning Kit Dual Promoter and sequenced with primers based on the T. pallidum subsp. pallidum cfpA sequence (GenBank accession no. U32683).
(iv) T. vincentii. The DNA sequence of T. vincentii cfpA was cloned by amplification of chromosomal DNA with primers CFPAPH14 (5Ј-CGCGGA TCCAAGGAGATAGCAAATGGC-3Ј) and CFPAPH15 (5Ј-CTAGTCTAG AGCAATTACTAAAGTTCACG-3Ј) and sequenced with primers based on the T. phagedenis cfpA sequence.
Primer extension. To identify the start site of transcription of the T. phagedenis cfpA gene, primer extension was performed. T. phagedenis RNA was isolated and purified by use of an Rnaid Plus Kit with SPIN (Bio 101, Inc., Vista, Calif.). Primer labeling with 32 P by use of T4 polynucleotide kinase and the primer extension reaction were carried out with a Primer Extension System (Promega Corp., Madison, Wis.) and 1 pmol of T. phagedenis primer OSPCRA2 (5Ј-CTT GATCCGACCGCACTGGG-3Ј). The annealing step was carried out at 65°C for 3 min, followed by 52°C for 20 min. For determining the lengths of the primer extension products, a DNA ladder was generated by PCR with the control sequence from an AmpliCycle sequencing kit (Perkin-Elmer) and the forward M13 primer. Burst-Pak Sequencing Gels (Owl Scientific, Inc., Woburn, Mass.) were used to prepare 6% polyacrylamide gels for electrophoresis. Autoradiography was performed with XAR 2 film (Eastman Kodak Co., New Haven, Conn.) at Ϫ70°C with an intensifying screen.
Isolation and purification of cytoplasmic filaments. The cytoplasmic filaments were prepared according to a modification of the protocol of Masuda and Kawata (31) . After sonication of the cells, 50 mM EDTA and 2% Triton X-100 (final concentrations) were added to the samples, which were then stored at 4°C overnight. The samples were layered on top of a gradient of 14, 48, 80, and 100% glycerol in 10 mM Tris-HCl (pH 7.4)-4 mM EDTA-1 M urea. The samples were centrifuged in an SW28 rotor at 20,000 ϫ g for 20 min in an XL-90 ultracentrifuge (Beckman Intruments, Inc., Palo Alto, Calif.). The different fractions were dialyzed against 10 mM Tris-HCl (pH 7.4)-1 mM EDTA.
Electron microscopy. To prepare cells for visualization of the cytoplasmic filaments, 2 ml of an exponential-phase culture of wild-type T. phagedenis or flagellar filament-deficient mutant T55 was centrifuged for 1 min at 10,000 ϫ g. The cells were resuspended in 2 ml of sterile distilled water, stored at 4°C overnight, centrifuged, and resuspended in 100 l of sterile distilled water prior to use.
Negative staining was used for the visualization of cytoplasmic filaments in the cells or of purified cytoplasmic filaments. Drops (40 l) of samples were placed on dental wax. Formvar-coated copper grids were floated on the drops for 2 to 4 min. Excess liquid was removed by wicking with filter paper, and the grids were immediately washed by floatation on 2 drops of double-distilled water. After the grids were washed, excess water was removed, the grids were briefly floated on 2% sodium phosphotungstate (pH 7.0), liquid was removed by wicking, and the samples were viewed with a Zeiss (LEO) 910 transmission electron microscope operating at 80 keV. The negatives were enlarged photographically.
Sequence analysis. Sequences were analyzed with programs available through Wisconsin Package version 9.1 (Genetics Computer Group, Madison, Wis.).
Nucleotide sequence accession numbers. The nucleotide sequences of cfpA from T. phagedenis, T. pallidum subsp. pertenue, T. denticola ATCC 33520, and T. vincentii ATCC 35580 have been deposited in GenBank under accession no. AF037069, AF062736, AF062737, and AF080570, respectively.
RESULTS
Identification and conservation of cfpA. The entire T. phagedenis cfpA open reading frame was sequenced, whereas the T. denticola, T. vincentii, and T. pallidum subsp. pertenue cfpA sequences represent 98, 99, and 98%, respectively, of the T. phagedenis cfpA open reading frame. The nucleotide and amino acid sequences of cytoplasmic filaments were extensively conserved among these different species of treponemes. The percentage of sequence identity was calculated for each pair by use of the GAP program and is shown in Table 1 . The alignment of the nucleotide sequences from the five different treponemes revealed several gaps from 3 to 15 nucleotides long at the 3Ј end of the sequences, with no frameshifts (data Analysis of the cytoplasmic filament sequences by use of the BLAST (2) or FASTA (37) protocols revealed no sequences in the GenBank database having significant similarity to cfpA.
In T. phagedenis, the two partial predicted open reading frames preceding and following cfpA are similar to those found at the same relative positions in T. pallidum subsp. pallidum (11, 43) . The products of both T. pallidum genes (GenBank accession no. TP0750 and TP0747) are of unknown function and are not similar to any known prokaryotic proteins.
Identification of the cfpA promoter by primer extension. Primer extension analysis revealed the transcription start site of T. phagedenis cfpA, and a putative promoter was identified upstream of the start site (Fig. 1A and B) . This promoter differed by only 1 nucleotide from the consensus sigma 70 promoter sequence found in E. coli (12) . A similar promoter sequence was previously noted in T. pallidum subsp. pallidum (43) .
The likely strength of the promoter as well as the presumed toxicity of the gene precluded cloning of T. phagedenis cfpA gene with its native promoter in E. coli. This situation is consistent with previous data concerning cfpA from T. pallidum subsp. pallidum and flaA, another gene producing abundant protein in treponemes; both are preceded by a sigma 70-like promoter (20, 21, 43) . We were able to clone T. phagedenis cfpA under the control of the T7 promoter and found that the expression of T. phagedenis CfpA was toxic to E. coli (data not shown).
T. phagedenis cytoplasmic filaments span the length of the cell. The cytoplasmic filaments are associated in a ribbon-like structure in the cytoplasm of the treponemes (15, 17, 44) and originate or terminate at each of the cell ends (15, 16, 18) . A similar structure was found in T. phagedenis Reiter (31). We wanted to clarify the location of the filaments throughout the length of the cell. However, the filaments are difficult to visualize along the entire length of the cell, due to the low contrast of the filaments in the cell when observed by electron microscopy with negative staining. The complete ribbon of filaments was observed in 11 cells. In each case, a single ribbon of filaments spanned the cell from one end to the other (Fig. 2) . In 10 of the 11 cells, the numbers of cytoplasmic filaments differed at both ends, suggesting ongoing filament synthesis ( Table 2 ). The protein units apparently are assembled to the nascent filament at one end and progress along the ribbon, using it as a template (Fig. 3) .
Relationship of cytoplasmic filaments and PFF. The cytoplasmic filaments and the flagellar filaments are the only two filamentous structures visible inside a treponemal cell by electron microscopy with negative staining. A potential physical link between these two types of structures, through the flagellar basal body, has been discussed by Hovind-Hougen and Birch-Andersen (18) , and reports of copurification of cytoplasmic filaments and flagellar basal bodies (43) support this hypothesis. To investigate this structural feature, T. phagedenis cells were extensively analyzed to determine the termini of the cytoplasmic filaments. In most cells, the ends of the cytoplasmic filament bundle were found to disperse near the last turn of the ribbon and terminate close, but not linked, to the insertion point of the flagella. However, on rare occasions the ends of an easily discernible group of cytoplasmic filaments were not dispersed and terminated at a unique point (Fig. 4) . On the basis of extensive electron microscopy analysis, we believe that the ends of the cytoplasmic filament ribbon are not dispersed and terminate at a unique anchor in the cell membrane. The sample treatment required to visualize the cytoplasmic filaments probably destabilizes some protein structures present in the cell, possibly explaining why the cytoplasmic filaments often appear dispersed at the last turn of the ribbon. In addition to the structural evidence, a modified version of the purification protocol of Masuda and Kawata (31) enabled the purifi- cation of cytoplasmic filaments of T. phagedenis without flagellar filaments or basal bodies, showing that there is no tight link between these two membrane-associated structures (22) . A direct count of the numbers of flagellar filaments versus cytoplasmic filaments at each cell end was done to determine whether there was a one-to-one relationship between the two types of structures in T. phagedenis, which would suggest a direct interaction with the basal body. Overall, 3 to 10 cytoplasmic filaments were observed (mean, 5.7; 127 cell ends) at the ends of the cell. Two to eight flagellar filaments per cell end were observed (mean, 4.7; 202 cell ends). In most cases, there was a difference of one flagellar filament at both ends of the cell (73%; 49 cells), consistent with previous observations (14) . A detailed analysis of the numbers of both structures at 118 cell ends is presented in Fig. 5 . A direct comparison of the flagellar filament number versus the number of cytoplasmic filaments at one end of the cell did not show any correlation. In fact, the number of cytoplasmic filaments was often larger than the number of flagellar filaments (68% of the cell ends observed) (Fig. 5) .
Analysis of the numbers of both structures visible in the same whole cell was done with 11 well-preserved cells ( Table   2 ). The noncongruent numbers of flagellar and cytoplasmic filaments at one end or at both ends of a cell ruled out a one-to-one interaction between these types of structures.
Cytoplasmic filaments in a flagellar filament-deficient mutant. Cells of the T. phagedenis flagellar filament-deficient mutant T55 have the same general shape as wild-type cells, except for the shape of the bent ends (7, 26) . No flagellar filaments were produced by this mutant, but the basal body and the hook were visible, as were the cytoplasmic filaments (Fig. 6) . Electron microscopy showed that the cytoplasmic filament ribbon had the same helical shape and position in mutant cells as in wild-type cells. In addition, the absence of flagellar filaments did not appear to adversely influence the synthesis or number of cytoplasmic filaments per cell (data not shown).
Cytoplasmic filaments and cell division. To investigate the fate of the cytoplasmic filaments during cell division, we analyzed cells during various stages of growth by electron microscopy. The flagellar filaments are just forming (as indicated by   FIG. 2 . The cytoplasmic filament ribbon spans the entire cytoplasmic compartment. After removal of the outer membrane, the flagellar filaments are liberated and two helical turns of the cytoplasmic filament (CF) ribbon can be seen. This cell corresponds to cell no. 8 in Table 2 . T. phagedenis cells were prepared and stained as described in Materials and Methods. BB, flagellar basal body. Bar, 250 nm. 5  5  5  6  5  6  5  5  7  5  7  5  6  6  5  8  5  7  8  5  9  5  5  4  6  10  5  5  6  6  11  5  8  7  6 a PFF1, PFF at end one; CF1, cytoplasmic filaments at end one; CF2, cytoplasmic filaments at end two; PFF2, PFF at end two. their short length) when the septum at the cell division site is visible (Fig. 7A) , and the cytoplasmic filaments are already visible as two independent ribbons in the future cells. When the two cells are further along in the division process, flagellar filament synthesis appears to be completed, as indicated by the mature length (Fig. 7B) . Later, the separate cytoplasmic cylinders of both cells are visible, yet the cells are still attached by the outer membrane (Fig. 7C) . In rare cases when we were able to count the cytoplasmic filaments on both sides of the division site, the same numbers were observed. It appears that the ribbon of cytoplasmic filaments is cut at the division site before or during the early stages of the formation of the flagellar apparatus.
DISCUSSION
The cytoplasmic filament protein CfpA is the major constituent of the cytoplasmic filament, a unique structure present in the cytoplasm of Treponema cells (31, 43) . The gene encoding the cytoplasmic filament has nucleotide and deduced amino acid sequences that are well conserved among different species of treponemes. Although some gaps were noted in the alignment of several treponemal CfpA amino acid sequences, the coding region remained intact, with no frameshifts. The sequence similarity is independent of the habitat, mode of transmission of the bacteria, or the ability to cultivate the organism in the laboratory. These results extend and are consistent with the results of Masuda and Kawata (31) , which indicated that the cytoplasmic filament protein shows serologic cross-reactivity among various treponemes. Moreover, CfpA, previously identified as TpN83 in T. pallidum subsp. pallidum (35) , is an antigenic protein (5) and likely plays a role in the immune response. In this report, a limited number of amino acid changes were found between T. pallidum subsp. pallidum CfpA and T. pallidum subsp. pertenue CfpA. A small number of sequence variations within antigenic proteins of these subspecies has previously been noted (6, 34) . Our data show that the observed sequence variations between the two subspecies are not limited to membrane proteins.
How and where the cytoplasmic filaments terminate at the cell end are major questions related to the function of these structures. We attempted to resolve these questions by using electron microscopy, comparison of numbers of cytoplasmic filaments to numbers of flagellar filaments, and analysis of a flagellar filament-deficient mutant. The data reported here show that the cytoplasmic filaments span the length of the cell and therefore differ from the flagellar filaments, which originate at each end of the cell and terminate in the central region. Previous reports presented the hypothesis of a direct physical relationship between flagellar basal body and the cytoplasmic filament ends (18, 43) . No evidence of such association was revealed by electron microscopy of the samples observed in this study. The proximal ends of the cytoplasmic filament bundle were found close but not connected to the flagellar basal body, as previously described (14), and most of the time the observed cytoplasmic filament ribbon was dissociated into in- dividual filaments at the cell ends. In rare instances, grouped cytoplasmic filaments were observed associated with a membranous structure. We suggest that the cytoplasmic filament ribbon terminates at a unique anchor associated with the membrane at the cell end, as shown in Fig. 4 . Biochemical study of this structure, designed to determine the protein-protein interaction partners, should resolve the nature of the components involved.
An alternative approach to resolving whether the cytoplasmic filaments are attached to the flagellar basal body in a one-to-one relationship is to compare the number of cytoplasmic filaments with the number of flagellar filaments. Extensive analysis and counting of filaments at cell ends revealed that there was no one-to-one correlation between the number of cytoplasmic filaments and the number of flagellar filaments or flagellar basal bodies. Interestingly, the number of cytoplasmic filaments differed at the ends of the same cells in most of the samples observed, a result which may be attributed to ongoing cytoplasmic filament synthesis. The discrepancy between the number of cytoplasmic filaments and the number of flagellar filaments may also be an indication of noncoordinate synthesis of the cytoplasmic and periplasmic filaments.
The electron microscopic analysis of a flagellar filamentdeficient mutant of T. phagedenis allowed us to observe the cytoplasmic filament structure in the absence of the flagellar filament structure. The flagellar basal body and hook were still intact in this mutant. The wild type and the flagellar filamentdeficient mutant had morphologically indistinguishable cytoplasmic filament structures. Moreover, wild-type T. denticola and a well-defined FliK flagellar filament-deficient mutant (27) have morphologically indistinguishable cytoplasmic filament structures (23) . The absence of the flagellar filaments in both cases did not interfere with cytoplasmic filament formation and regulation in a flagellar filament-deficient mutant, indicating that intact flagellar filaments are not required for cytoplasmic filament formation. The use of a flagellar filament-deficient mutant also permitted the isolation and purification of cytoplasmic filaments and confirmed that they were composed of one major polypeptide band (data not shown).
The fate of the cytoplasmic filaments was examined during various stages of cell division. The severing of the cytoplasmic filaments and the transverse binary fission during cell division appear to be synchronized together with the formation of the flagellar apparatus. This analysis documents the severing of cytoplasmic filaments before or during the early stages of cell division and before flagellar filament synthesis in treponemal cells. When the constriction ring of the cell division site was visible, basal bodies, hooks, and nascent flagellar filaments were observed. Although visualization of the bundle of cytoplasmic filaments on both sides of the constriction site rarely occurred, in each observed sample the cytoplasmic filaments were already severed and the numbers of cytoplasmic filaments were the same on both sides. We hypothesize that the ribbon of cytoplasmic filaments is cut at or near the cell division septum site. This hypothesis implies that a specific mechanism cuts the filament bundle and creates a new anchor in the inner membrane. After the formation of the flagellar filaments, the constriction of the septum continues until the two cytoplasmic cylinders are separated underneath a unique outer membrane. As a result, very long cells consisting of one outer membrane and two or more cytoplasmic cylinders resulting from cell division are often observed in young cultures of T. phagedenis (data not shown) (14, 39) . The final step would be the complete separation of the two newly formed daughter cells. The cell division steps are similar to previous data obtained with spirochetes (13, 19, 29, 32, 38, 39) , and it is now shown that the cytoplasmic filament ribbon is severed during the cell division process, before the establishment of the flagellar apparatus.
The identification of the gene and the promoter for cfpA in T. denticola and structural analysis are the first steps leading to a better understanding of cytoplasmic filament function. Further insights could be obtained by specific inactivation of cfpA. Gene inactivation in T. denticola is feasible (10, 24, 25, 27) and enables phenotypic study of engineered mutants. Further detailed structural analysis together with the study of a knockout mutation of the cytoplasmic filament gene will provide critical information on the function and regulation of this unique structure. The location of the filaments and their helical shape suggest involvement in cell motility, maintenance of cell structure, or cell division (9) ; each of these proposed functions is a good potential target for the development of new antimicrobial drugs.
